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Abstract: In this research copper oxide (CuO) nanoparticles were prepared by sol gel method. In this method CuCl2.2H2O 
was used as precursor, the obtained CuO nanoparticles were further supported by alumina to produce copper oxide support on 
alumina catalyst, the copper oxide nanoparticle and the catalyst were characterized using different analytical techniques such 
as titrimetric method, x-ray diffraction (XRD), Scanning Electron Microscope (SEM) and the catalyst was applied in the 
synthesis of tetraethyl orthosilicate (TEOS). The obtained results indicated the formation of copper oxide nanoparticles and 
copper oxide supported in alumina catalyst in high quality, also the catalyst increased the rate of formation of tetraethyl 
orthosilicate (TEOS). 
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1. Introduction 

The oxides of transition metals are an important class of 
semiconductors, which have applications in magnetic 
storage media, solar energy transformation, electronics 
and catalysis [1] Among the oxides of transition metals, 
copper oxide nanoparticles are of special interest, it is a 
semiconductor material and has a natural abundance of 
starting material, It has wide applications, such as in solar 
cell technology, field emission, magnetic storage media, 
lithium ion batteries, gas sensing, and drug delivery, 
magnetic resonance imaging, and field emission devices. 
Varieties of physical and chemical methods have been 
proposed to synthesize CuO nanoparticles (CuO-NPs) [2]. 
CuO-NPs belong to monoclinic structure system with the 
brownish-black appearance [3]. They find their significant 
role in antibacterial agents to fabrics [4]. 

The activity of nano materials as a catalyst depends mostly 
on the nano powder material size, morphology and specific 

surface area of the prepared materials. Due to the potentiality 
of CuO, it acts as a catalyst; whereas all metal oxides are not 
useful for the catalytic activity. as like Fenton’s reagent CuO 
combined with another metal oxide like CeO2. 

In this paper, we have synthesized CuO nanoparticles by 
simple aqueous precipitation method with size 9-10 nm. The 
synthesized nanoparticles were characterized by XRD and 
SEM spectrometer. 

2. Materials and Methods 

2.1. Chemicals 

All chemicals used in this research were of analytic grade 
type and it includes:- Copper chloride di hydrate 
(CuCl2.2H2O), Glacial acetic acid (CH3COOH), Sodium 
hydroxide (NaOH), Neutral alumina (Al2O3) and distilled 
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water. 

2.2. Methods 

2.2.1. Preparation of CuO Nanoparticles by Sol-Gel Method 

Aqueous solution of CuCl2.2H2O (0.2 M) was prepared in 
cleaned round bottom flask. 1 ml of glacial acetic acid was 
added to the above aqueous solution and was heated to 
100 °C with constant stirring. 8 M NaOH was added to above 
heated solution till the pH reached 7. The color of the 
solution turned from green to black immediately and a large 
amount of black precipitate was formed immediately. 

The precipitate was centrifuged and washed 3-4 times with 
distilled water. The obtained precipitate was dried in air for 
24 hours. This powder was further used for the 
characterization of CuO nanoparticles. 

2.2.2. Preparation of (CuO Supported by Alumina) Catalyst 

(CuO /Al2O3) 

Aqueous solution of CuCl2.2H2O (0.2 M) was prepared in 
cleaned round bottom flask. 1 ml of glacial acetic acid was 
added to above aqueous solution and heated to 100 °C with 
constant stirring. 8 M NaOH was added to above heated 
solution till pH reaches to 7. The color of the solution turned 
from green to black immediately and the large amount of 
black precipitate was formed immediately 

While the black precipitate was formed about 10 g of 
neutral alumina was added with constant stirring for one hour 
the precipitate was centrifuged and washed 3-4 times with 
distilled water. The obtained precipitate was dried in air for 
24 hours. 

2.2.3. Application of Copper Oxide Supported on Alumina 

Catalyst in Preparation of Tetraethyl Orthosilicate 

1g of ultra-pure silicon dioxide was weighted, tiny amount 
of copper oxide supported on alumina catalyst was added, 20 
ml of diethyl ether and 25 ml of hydrochloric acid were 
added, and the solution was left until the precipitation was 
completed, the precipitate was filtered and weighted, and 
finally the percentage yield of the obtained product was 
calculated using the following equation: 

Yield%=(Wprac/Wtheo) ×100 

Where: 
Wprac practical weight 
Wtheo theoretical weigh 

2.3. Characterization 

2.3.1. X-ray Diffraction (XRD) 

The powder sample was characterized by X-ray diffraction 
(XRD) (Mimi flex, Rigaku diffractometer) using CuKa (l = 
1.5405 Å) radiation. The average crystallite size (t) has been 
calculated from the line broadening using Scherrer’s relation: 

D=0.9λ/β cos θ 

Where 
λ is the wavelength of X-ray 

β is full width of half maximum (FWHM) 
θ is peak obtained angle 

2.3.2. Scanning Electron Microscope (SEM) 

The morphological and microstructure aspect of CuO 
nanoparticles were investigated by using scanning electron 
microscope (FESEM) dual beam field emission scanning 
electron microscope (LYRA3 Tescan) equipped with 
energy dispersive X-Ray spectrometer (EDX, oxford 
instruments) and transmission electron microscope (JEM-
2100F). 

2.3.3. Iodometric Titration to Determine Copper Percentage 

Iodometric titration (oxidation of iodide) 
1g of copper oxide was dissolved in 0.2M of HCl to 

prepare the sample. 
2.0 g of KI was added to the sample, and titrated 

immediately with Na2S2O3 until the solution becomes pale 
yellow. Starch indicator was added, and the titration was 
continued until the blue color became faint. The titration was 
completed; the disappearance of the blue starch/I2 color was 
used as the end point. 

2.3.4. Rate of Reaction for the Formation of Tetraethyl 

Orthosilicate 

Rate of Reaction of tetraethyl orthosilicate 
The time of initially precipitate crystals was recorded, and 

then the rate of reaction was calculated, using following 
equation: 

(Wt/time) g/sec. 

The same procedure was applied in determine the rate of 
reaction of silicon alkoxide by using catalyst. 

3. Results and Discussion 

3.1. Preparation of Copper Oxide NPs by Sol –gel metHod 

There are various techniques to prepare Nano crystals 
e.g. sputtering, laser ablation, cluster deposition, sol-gel 
method etc. In the present work the synthesis of CuO was 
done by sol-gel route because this method is easy and 
economical. The sol-gel process involves the formation of 
colloidal suspension (sol) and gelation of the sol to form a 
network in continuous liquid phase (gel). The precursors 
for synthesizing these colloids consist usually of a metal 
or metalloid element surrounded by various reactive 
legends 

The chemical reaction is as follows: 

CuCl2 + 2 NaOH → Cu (OH) 2 + 2 NaCl 

And copper hydroxide decomposes into copper oxide on 
heating as follows, 

Cu (OH)2 → CuO + H2O 

The obtained CuO powder was finely black soft powder 
obtained in high yield. 
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3.2. Preparation of Copper Oxide Supported on Alumina 

The black CuO precipitate was change to gray brown 
precipitate with homogenously distribution of the powder 
supported metal oxide. 

3.3. Rate of Reaction (Synthesis of Tetraethyl Orthosilicate) 

Elemental silicon can’t react directly with reagent but it 
reacts in presence of catalyst or at elevated temperature. 
Because Silicon atom is covered by an oxide layer that 
prevents its attack by chemicals. Therefore, it requires a 
catalyst to break down this oxide layer and activate silicon to 
react. Accordingly, variable catalysts have been used in this 
work for activation of silicon in direct synthesis of 
tetraethoxysilane. The reaction between elemental silicon and 
ethanol does not take place without using any catalyst. 
However, the direct synthesis of tetraethoxysilane by a direct 
reaction of silicon with alcohol has many advantages 
compared to the previous method. 

From this results for any 30sec was formed 0.82g from 
tetraethyl orthosilicate in using catalyst (0.0273g per sec), but 
without catalyst formed 0.72g for 90sec (0.008g per sec), this 
indicating that, the tetraethyl orthosilicate which prepared by 
using catalyst is better than the prepared without catalyst. 

3.4. Characterization of Copper Oxide and Copper Oxide 

Supported by Alumina 

3.4.1. XRD Results of Copper Oxide and Copper Oxide 

Supported by alumina 

X-ray diffraction is an easy and one of the most important 
characterization tools used in nanomaterial research field. 
Here, an important nanomaterial - copper nanoparticles has 
been successfully prepared by sol-Gel method in normal 
room temperature and its structural characterizations have 
been studied by important tool - X-ray diffraction. 

 

Figure 1. XRD of copper oxide. 

In figure1 the results confirm nanoparticles, uniformed 
size less than 10nm. 

Values of 2θ = (32.4;  35.6 And 39.8) Have a high intensity 
Planes of copper have been observed and in agreement 

with data obtained from the other studies from the literature 
review. 

The 3 main peaks give a single-phase with a monoclinic 
structure No characteristic peaks of any other impurities such 
as Cu(OH)2, Cu2O was observed. 

In other hand we observed in figure 2 that the copper oxide 
with alumina have a similar peaks of figure 1 with a clear 
distortion make the peaks have a low intensity 

 

Figure 2. XRD of copper oxide supported by alumina. 

Calculation of Crystal Size 

The crystallite size of the prepared CuO NPs were 
calculated from the full width at half maximum (FWHM), 
using the Debye-Scherrer formula. 

� �
0.9λ

���	θ
 

Where B is the full width at half maximum (FWHM) of 
the XRD all 

Peaks, t is the crystallite size, λ is the wave length of the 
X-ray and θ is Bragg’s angle 

λ =0.15405 nm 
θ=16.220 

Β = 0.9*3.14/180 radian 
From the equation t =9.19 nm 

3.4.2. SEM Results of Copper Oxide and Copper Oxide 

Supported by Alumina 

SEM micrographs of the synthesized CuO are shown in 
the figure 3 (A, B, C, D, E, F and G). From the figure it is 
quite evident that there is no definite morphology in the 
sample. It seems that the particles were agglomerated and 
form a cluster. As the particle size calculated from the XRD 
is in Nano range and not getting any exact information about 
the surface morphology of the sample from the SEM 
micrograph. The morphology observed in the sample not 
showing any hard grains which gives the idea that size of the 
particle is small and has a single phase 

In figure 4 (A, B, C, D, and F) the observed morphology of 
CuO in figure 3 is greatly changed in the photograph of 
copper oxide support in alumina. 
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Figure 3. (A, B, C, D, E, F and G): SEM Result of Copper Oxide NPs. 
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Figure 4. (A, B, C, D and F): SEM Result of CuO NPs /Al2O3. 

3.4.3. Determination of Copper Oxide Percentage 

By using titration method the percentage of copper in the 
sample of copper oxide NPs was found = 67.38% 

This result was closed with the standard review which is 
70-75% [5]. 

The chemical Equation 

2Cu (Cl)2 + 4KI → 2CuI (solid) + I2 + 4KCl 

2Na2S2O3 + I2 → 2NaI + Na2S4O6 

3.5. Practical Weight of Tetraethyl Orthosilicate 

3.5.1. By Using Catalyst 

The obtained practical weight of Tetraethyl orthosilicate 

was 0.82g and the calculated percentage yield was 30%, this 
result is in agreement with the expected yield [6]. 

3.5.2. By Direct Method Without Catalyst 

The obtained practical weight of Tetraethyl orthosilicate 
was 0.72g and the calculated percentage yield was 26.6% [7]. 

4. Conclusion 

Copper nanoparticles synthesized using SOL- GEL 
method is a simple and environmental benign method. This 
method has many advantages such as economic viability, 
ease to scale up and less time consuming. In this research 
Copper oxide nanoparticles was prepared and used as catalyst 
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for synthesis of Tetraethyl orthosilicate after supporting in 
alumina. 

The experiment revealed that the presence of copper 
nanoparticles is necessary for increasing the rate of the 
reaction. 
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